The present study reports 227 Aphyllophoroid fungi from Tuva Republic, southern Siberia, Russia. A total of 211 species are new to the republic. The material was collected during August 2014 and includes some surprising species like Haploporus odorus and Polyporus pseudobetulinus, both known as northern taiga species of old-growth forests. Nominates for the new edition of Red Data Book of Tuva are briefly discussed and some microscopical descriptions and illustrations of unidentified or little known species are given.
INTRODUCTION
The republic of Tuva is situated in southern Siberia, south of Altay and Sayan Mountains (Fig. 1) . It is one of the most southern regions of Russian Federation and here the world's northernmost deserts meet the Northern Hemisphere's southernmost tundra zone.
The fungi of the area are poorly known, like in all arid areas in Eurasia, and before this study, only 17 species of Aphyllophoroid fungi were reported from Tuva (Parmasto, 1965; Kõl-jalg, 1996; Khanminchun et al., 1997; Perova, 1998 Perova, , 2002 Oorzhak et al., 2003 , Spirin et al., 2016 , and only one species (Hericium coralloides (Scop.: Fr.) Pers.) was included in the Red Data Book of Tuva (Krasnoborov, 1999) . The species reported in literature but not collected by us, are still included in the species list below, with the according literature references. We concentrated in our study on corticioid, poroid, clavarioid and hericioid fungi.
The aim of the article was to prepare an annotated check-list of arid environments of Tuva Republic, and make proposals of some new species for the new issue of the Red Data Book of Tuva.
MATERIALS AND METHODS
The material was collected during the XXIII International Transsiberian mycological expedition in Tuva 4-26 August 2014. Altogether 834 Aphyllophoroid specimens were collected or noted. Species like Fomes fomentarius (L.: Fr.) Fr. or Phellinus igniarius (L.: Fr.) Quél. were not always collected, but noted only. The collecting took place mostly in Uvs-Nuur Depression´s Strict Nature Reserve close to the Mongolian border. This area was included in the World Heritage Sites in 2003 as it is the most important place in Central Asia for its concentration of unstudied archeological artifacts, especially Aphyllophoroid fungi (Basidiomycota) of Tuva Republic, southern Siberia, Russia its burial mounds, rock carvings, and stone sculptures, which are remnants of medieval settlements and Buddhist temples, many of them being older than the Egyptian pyramids (World Heritage Conservation 2015) . The central and southern parts of the republic are characterized by mountains, steppes and semi-deserts which are cold in winter, but warm or hot in summer. The climate is ultracontinental. In Kyzyl (the capital of Tuva), the coldest month is January (mean temperature -28.6°C) and hottest July (+20.4°C), and in Erzin village the coldest month is January (-29.0°C) and hottest July (+21.8°C). The mean annual temperature in Kyzyl is -1.3 0 C, in Erzin -1.9°C. The mean annual precipitation in Kyzyl is 217 mm, in Erzin 199 mm (Anonymous, 2015) . The deserts in the south of the area, close to the Mongolian border, are grazed by cows, sheep and horses and the vegetation is sparse. The rivers which split the arid deserts are like oasis with large trees of Populus laurifolia Ledeb., Salix spp. and Betula spp. intermixed with Hippophaë rhamnoides L.
The material was identified in Ekaterinburg and Helsinki, and the specimens are deposited in the herbaria of University of Helsinki (H) and/or in the mycological herbarium of the Institute of Plant and Animal Ecology of Ural Division of the Russian Sciences, Ekaterinburg (SVER) or in the reference herbarium of Heikki Kotiranta (H.K.). The collecting number of collectors Anton G. Shiryaev (AGS) and Heikki Kotiranta (HK) of at least one voucher specimen per species is given.
In the text the following abbreviations for the substrata are used: Ab = Abies sibirica Ledeb., Al = Alnus sp., B = Betula spp., C = Caragana spp., L = Larix sibirica Ledeb., Pic = Picea obovata Ledeb., Psi = Pinus sibirica Du Tour, Psy = Pinus sylvestris L., Pop = Populus laurifolia, Pru = Prunus spp., Sal = Salix spp., Ulmus spp. = Ulm.
The decay stage classification (1-5) of tree trunks is according to Renvall (1995) , where stage 1 means hard dead wood and 5 completely decayed wood. Trunk diameters were measured at point of fruit bodies.
The nomenclature of fungi mostly follows Kotiranta et al. (2009) , Bernicchia & Gorjón (2010) and Ryvarden & Melo (2014) . The genus Hyphodontia J. Erikss. sensu lato is according to Hjortstam & Ryvarden (2009) . Some of the specimens collected do not fit with any species known to us, and then a brief description is given. Also specimens, which are rare or deviate somehow from the common species concept, are briefly described. The spores were measured in Cotton Blue (CB) using phase contrast illumination and oil immersion with a subjective accuracy of 0.1 µm (see Miettinen et al. 2006) . Other mounting media used were Meltzer's reagent (MLZ) and 5% potassium hydroxide (KOH). In the species descriptions 'CB-' means that the cell wall (spore, hypha) is not cyanophilous, and 'MLZ-' that the spore wall is neither amyloid nor dextrinoid. The following abbreviations are used for spores: L = mean spore length, W = mean spore width, Q = range of the variation in L/W ratio, Q* = quotients of the mean spore length and mean spore width (L/W ratio). None of the measurements derive from spore prints.
The collector HK made field notes of the substrates, like the diameter and degree of decay. The collector AGS did not make such field notes. However, we feel that it is noteworthy to give ecological information of selected species from an area, where practically no other mycologists have been. If there are many collections/notes per species no substrata data is given (e.g. Amphinema byssoides (Pers.) J. Erikss., Irpex lacteus (Fr.) Fr., Laurilia sulcata (Burt) Pouz. etc.).
List of localities
We studied altogether twelve sites (Fig. 2) 
LIST OF SPECIES
The species are listed below in alphabetical order regardless of their taxonomical position; the taxa which have been published earlier are marked with an asterisk (*) and those which were published earlier, but not collected by us with two asterisks (** 5-7(-7.5 ) µm with four, up to 4 µm long thin sterigmata. Spores cylindrical, tapering towards the apical end, (6-)6.3-7.4(-7.8) × 2.8-3.4 µm, L = 6.8 µm, W = 3.1 µm, Q = 2-2.6, Q* = 2.2 (n = 30). Thick-walled (CB-) chlamydospores, 5-7.5 × 4-4.5 µm at the margin of the fruit body are born in subiculum. AntrodiA rAmentAceA does not belong to Antrodia Donk sensu stricto (Spirin et al. 2013) where the species are characterized by large basidia and skeletal hyphae ("skeletocystidia") penetrating into the hymenium. We have not seen before A. ramentacea with masses of chlamydospores. Notes -Basidiome annual, resupinate, relatively hard; pore surface purplish, pores roundish, upon drying partly splitting, 2-4/ mm. Hyphal system monomitic, hyphae simple septate, in subiculum 4-5 µm wide. Basidia clavate, seldom cylindrical, 19-23 × 5-6 µm, with four sterigmata. Spores allantoid or subcylindrical, slightly curved, thin-walled, CB-, MLZ-, (6-)6.3-7.7(-7.9) × (1.9-)2-2.2(-2.3) µm, L = 7 µm, W = 2.1 µm, Q = 3-3.85, Q* = 3.4 (n = 30). Unlike the very similar C. purpurea, C. bresadolae grows almost exclusively on very hard, decorticated conifers, often on sunny exposed sites and we have seen it several times in Siberia, especially around the Lake Baykal. In Europe it has been reported e.g. from Pinus halepensis Mill. (Pieri & Rivoire 1997 Hyphal system dimitic, with thick-walled, clamped generative hyphae and skeletal hyphae in subiculum, 2.5-3 µm in diam., CB-, in trama generative hyphae thin-walled in CB, encrusted, 2.5-4 µm wide and a few skeletal hyphae. Apical apices consist of thin-walled, encrusted generative hyphae up to 5 µm wide. No cystidia observed. Basidia basally clamped, subclavate, 17-28(-30) × (4.5-)5.5-6 µm with four sterigmata. Spores ellipsoid or oblong ellipsoid, thin-walled, CB-, MLZ-, 4-4.8 × 2.5-3 µm, L = 4.4 µm, W = 2.7 µm, Q = 1.4-1.7, Q* = 1.6 (n = 10, HK 26524), (5.1-)5.4-6.7 × 2.5-2.9 µm, L = 5.8 µm, W = 2.7 µm, Q = 2-2.7, Q* = 2.2 (n = 10, HK 26635). Hallenberg (1978) Hyphidia common between the basidia, 2-3 µm in diam. Basidia suburniform, basally clamped, (21-)30-36 × 6-7 µm, with four, up to 6 µm long sterigmata. Spores ellipsoid to broadly ellipsoid, thin-walled, CB-, MLZ-, (6.3-)6.5-8.1(-10) × 4-4.7(-5.2) µm, L = 7.2 µm, W = 4.4 µm, Q = 1.5-1.9, Q =* 1.6 (n = 30). Our specimen resembles Hyphoderma obtusum J. Erikss., but the latter has larger spores, viz. (7-)8-9(-10) × 5-6(-8) µm, larger cystidia and no hyphidia between the basidia (Eriksson & Ryvarden, 1975 58) Hyphal system monomitic, hyphae clamped, in subiculum very variable in width, 1-5.5 µm, thin-walled, some faintly cyanophilous; subhymenial hyphae thin-walled, 1.5-2 µm wide; gloeocystidia abundant, green in CB, olive brownish green in KOH, golden yellow in MLZ, moniliform, often stalked; stalk up to 35 µm long, 2-3 µm wide, with up to eight constrictions and nine "pearls", but normally less than five constrictions, sometimes apically furcate, often with an basal appendice, (23-)32-65(-77) × (4.5-)5-7.5(-10) µm; basidia basally clamped, subcylindrical or clavate, (10-)12-15(-16) × 3.5-4 µm, with 2-4, up to 5 µm long sterigmata; spores smooth, cylindrical -narrowly ellipsoidsubfusiform, often glued in pairs or tetrads, thin-walled, CB-, MLZ-, KOH-, 4-5(-5.3) × 2-2.7(-3) µm, L = 4.6 µm, W = 2.4 µm, Q = 1.4-2.3, Q* = 2 (n = 60/2). Macroscopically "M. ochraceum" has no distinctive features, but microscopically it is easily separated from all other species known by us. The numerous moniliform gloeocystidia, relatively small spores which do not react in CB or MLZ, makes the species easy to identify. Moreover, the very variable width of hyphae of the loose subiculum is characteristic. In microscope it resembles somewhat the species of the genus Gloeocystidiellum s.lato, which, however have amyloid spores and none of them have moniliform gloeocystidia or so small basidia. The spores are so often glued together that it is difficult to measure solitary ones. Many of the spores have the shape close to Fibricium rude (P. Karst.) Jülich (see Eriksson & Ryvarden 1975, p. 156 (Fig. 5) . Notes -In the field P. manshurica looks like P. quercina (Pers.: Fr.) W.B. Cooke, and according to Parmasto & Parmasto (1987) , it is common in Russian Far East on branches of Quercus mongolica Fisch. ex Ledeb. and rarely on other deciduous trees. The spores of P. manshurica are small, 6-6.4(-6.7) × 2.2-2.5 µm (n = 10, HK 26723), in contrary to those of P. quercina, viz. 7.5-13 × (2.4-)3-3.5(-4.2) (Yurchenko 2010 -decorticated Pop, diam. 4.5 cm, decay 1 (HK 26562); 4. Notes -Basidiome resupinate, fairly thin, subpellicular, almost Athelioid, at the beginning white, later with pale brownish spots. Hyphal system monomitic, hyphae simple septate, except a few on basal hyphae. Subicular hyphae with slightly thickened walls, sparsely clamped, up to 11 µm wide, but commonly about 7 µm in diam., somewhat encrusted. Cystidia very few, tubular, obtuse, thin-walled up to 70 × 6 µm, not encrusted. Basidia cylindrical, basally simple septate, (22-)25-30 × 5.5-7 µm with four sterigmata. Spores broadly ellipsoid to pyriform, thin-walled, CB-, MLZ-, with a prominent apiculus, (5.6-)6-7.8(8) × (4.1-)4.5-5.7(-6) µm, L = 6.7 µm, W = 4.9 µm, Q = 1.3 -1.6, Q* = 1.4 (n = 30). The only described Phanerochaete species with broadly ellipsoid or pyriform spores with a prominent apiculus known by us is P. globosa. However, according to the description (Lin & Chen 1990) , the spores are subglobose or globose, 5-6 × 4 µm, hyphae clamped, 3-4 µm wide and instead of cystidia there are paraphyses, which are ventricose or capitate, 16-25 × 4-6 µm. Hjortstam (2000) slightly thick-walled, 2-3 µm wide, in apical apices often swollen, 5.5-6 µm wide. Cystidia, or cystidia-looking, heavily encrusted hyphal ends penetrate into the hymenium. Basidia subclavate to subcylindrical, basally clamped, (15-)18-21 5 µm with four sterigmata. Spores ellipsoid to broadly ellipsoid, thin-walled, .8) × (2-)2.2-2.7(-2.9) µm, L = 3.8 µm, W = 2.5 µm, Q = 1.2-1.8, Q* = 1.5 (n = 30).
Our specimen does fit with any species known by us, but P. albofibrillosa has some features which resemble our specimen. The hydnoid basidiome and colour are similar, but according to Hjortstam & Ryvarden (1984) , the hyphae of P. albofibrillosa are only about 3 µm wide, cystidia thick-walled and spores subglobose or seldom globose, 4-4.5(-5) × 3. 
DISCUSSION
A total of 217 species of aphyllophoroid fungi are reported from the arid areas of Tuva. In addition, ten species mentioned in literature earlier but not collected by us are included according to the literature (Parmasto, 1965; Kõljalg, 1996; Khanminchun et al., 1997; Perova, 1998 Perova, , 2002 Oorzhak et al., 2003) from the humid darkconiferous taiga of Sayan Mountains. Altogether 833 records and collections were made and the ten most common species (Fomes fomentarius with 80 observations, Phellinus igniarius 45, Typhula micans 35, Schizophyllum commune 32, Daedaleopsis confragosa 22, Dichomitus squalens 21, Cerrena unicolor 20, Typhula culmigena 20, Irpex lacteus 17, and Funalia trogii with 16 observations) cover 37% of all observations. Ninety one species were collected only once and it is nearly 42% of all the species.
The most species rich genus was Typhula with 14 species, followed by Phellinus (12 taxa), Trametes (10), Polyporus (7), Ramaria (7), Tomentella (7), Xylodon (6) and Tubulicrinis (5).
The richest morph group was the corticioids, including Thelephoroid fungi, over 100 species before the poroid fungi (88 species) followed by clavarioid and hericioid fungi (nearly 50 species).
The ratio poroid/corticioid fungi is nearly 0.9, which is almost twice if compared with the boreal forests (see, e.g. Kotiranta & Shiryaev 2016, p. 40) . One explanation could be the ultracontinental climate in Tuva, where small branches and twigs are dry in hot summer, and do not harbor such a diverse fungal biota of corticioids than in more humid boreal forests. The substrata of the poroid fungi are normally larger and can hold the moisture also during dry seasons. Even in the natural larch forest on Sengelen Plateau the precipitation is small if compared to "normal" boreal forests in more northern areas in Siberia. The species reported earlier from Tuva grew almost exclusively in northern parts of the republic, in humid, so called dark coniferous taiga.
Based on our observations there are some species which should be included in the new edition of the Tuva Red Data book. The nominates are: Laricifomes officinalis, Polyporus pseudobetulinus, Polyporus rhizophilus, Pterula multifida, Ramaria flavescens and Trametes warnieri. These species are rare everywhere and especially in arid areas. If the river-valley forests or small woods in steppe and semi-deserts disappear for some reason, also the species inhabiting these biotopes (Polyporus pseudobetulinus, Pterula multifida, Ramaria flavescens, Trametes warnieri) become threatened. The timber harvest of unexploited Larix forests can threaten Laricifomes officinalis. We know that Trametes warnieri is still a taxonomic mess, but until it is properly solved, it would be wise to include it in the Red Data Book of Tuva. Among the nominates, Polyporus rhizophilus is the only real steppe species. It is a parasite of several grass genera (Ryvarden & Melo 2014) , here especially of Stipa L. The steppes in Tuva are at least partly overgrazed, and that is a threat for P. rhizophilus. The others are either wood decayers, litter decayers (Pterula multifida) or soil inhabiting fungi (Ramaria flavescens).
